INTRODUCTION
The Bagan dynasty(1044-1287 AD) was the first unified state in Myanmar with a great legacy in the history of Myanmar.
Bagan is a region located on the left bank of the Ayayarwady River (Aung-Thwin, 1985) . The traditional idiom(Hle-Winyo-Than-Ta-Nyan-Nyan-Bagan-Phayabaung) states that there were 4446 pagodas in Bagan, but only 3312 monuments remain today. Most of the Buddhist monuments today were constructed during the 11 th to 13 th centuries, but the history of Bagan starts in the early 2 nd century with King Thamudarit.
He was a nephew of the King of Pyu named Thupyinnya Nagra Seinda. Fifty kings in total ruled Bagan throughout its history. The city wall of Bagan today was built by the 34 th king, Pyinbya. Theravada Buddhism of Myanmar began to flourish under King Anawrahta, as demonstrated by the numerous pagodas and temples covering approximately 42 square kilometers (Aung, 1967) . After the fall of Bagan, the Pinya, Ava, and Konbaung dynasties followed. These dynasties also protected and repaired the old pagodas built by their ancestors as a meritorious deed. The region of Bagan has played a central role in the practice of Buddhism in Myanmar Research Article 310 | Journal of Conservation Science Vol.35, No.4, 2019 over centuries; therefore, there are a variety of religious cultural heritage sites and artifacts preserved. Buddha statues from various periods(of different sizes, shapes, and materials) are still worshipped to this day. There are currently few Buddha statues that were fabricated in the most splendid period(11 th to 13 th century) of the Bagan region. However, the process of manufacturing metal Buddha statues can be achieved by smelting, alloying, and casting, making it is possible to investigate manufacturing techniques at that time.
This study intends to identify manufacturing techniques by analyzing nine bronze Buddha statues which were excavated from archaeological sites in Bagan, Myanmar. In addition, to understand features of Buddha statues from the Bagan dynasty, a comparative study was carried out with statues of another period.
METHODOLOGIES

Sampling
Nine bronze Buddha statues from the Bagan Archaeological Museum in Myanmar were analyzed(National Research Institute of Cultural Heritage, 2017). To limit damage to the statues, minimum size fragments were prepared for analysis.
For sampling objects, artifacts from the Bagan dynasty(11 th to 13 th century) and artifacts from the Pyu city states(2 nd to 9 th century) and Konbaung dynasty(18 th century) were selected for comparison with samples from the Bagan dynasty.
Sample preparation
Samples for analysis were mounted in epoxy resin and the sample surfaces were polished smooth using a polishing machine DNK) . Polishing was carried out gradually with polish papers from serial number #220 to #4000 in ascending order of granularity, finishing with a 1 µm-diamond suspension. After polishing, the surfaces of the samples were etched in a solution of ethyl alcohol(120 mL), hydrochloric acid(30 mL), and iron chloride(Ⅲ)(10 g). which consists of 85.37 wt% copper and 14.63 wt% tin. Point 2 is the δ phase and it contains 67.37 wt% copper and 32.63 wt% tin. Point 3 shows the lead particles that are located among δ phases in trace amounts, estimated as ~5.10 wt% lead, which affects the microstructure of the surrounding components (Table 1) .
Method of analysis
Comparison of Buddha statues from Pyu city states
Two Buddha statues from Pyu city states(2 nd to 9 th century) were analyzed for the components of the Cu-Sn alloy (including Fe under 1 wt%), and the different percentages (16.25 wt% and 25.12 wt%) of Sn were identified from each Buddha statue. The microstructure is composed of an α + δ phase with no indication of heat treatment. S and Fe were detected in slag inclusions (Table 2) , which suggests that the copper ore supplied for the statue might be chalcocite or copper pyrite (Park and Yu, 2004) .
Buddha statues from the Bagan dynasty
(11 th to 13 th century)
The surface of the gilt bronze Buddha statue was abraded due to corrosion, but a gilt layer still remains on some parts of the shoulder and pedestal surfaces. The sample was taken from the pedestal and analyzed (Figure 2a ). Figure 2b Vol.35, No.4, 2019 statue was sulfide (Table 3) . Gold leaf was applied for gilding ( Figure 2d and 2e), and no mercury was detected in the gilt layer( Figure 2f ), indicating that amalgam plating was not applied (Lee and Jeon, 2017) .
Bronze Buddha statue No. 7
The bronze Buddha statue No. 7 was extremely degraded; the head, both hands, and right knee are missing. Due to the corrosion, the surface of the statue was very abraded. The sample for analysis was removed from the pedestal (Figure 3a) . Figure 3b are inclusions that were not removed perfectly during the smelting process. Figure 3c is the magnified micrograph of the lower part of Fig 3b using SEM, indicating the presence of four different phases, which were further analyzed with EDS (Table 4 ). Point 1, which is the α phase, contains 84.59 wt% copper and 15.01 wt% tin.
Mainly copper and ~33.73 wt% tin were detected at Point 2 (the δ phase). Point 3 is a trace of lead alloy in the microstructure, which is composed of 77.87 wt% lead, ~4.90 wt% copper, and 5.23 wt% bismuth. The large amount of sulfur and iron at Point 4 indicates that the inclusion is sulfide (Table 4 ). 
Analysis area
Components ( G i l t l a y e r 5 . 5 5 ------9 0 . 8 7 1 . 5 0 2 . 0 8 1 0 0 . 0 0 The Buddha statue and pedestal were cast as a whole, in which part of the pedestal has fallen apart, but its overall condition is quite sound. The sample was taken from the pedestal and analyzed (Figure 4a ) by SEM (Figure 4b) , which shows the microstructure including a δ phase formed in the background dendritic α phase. Lead particles in irregular sizes and shapes were solidified, with the overall components being 80.35 wt% Cu, 10.57 wt% Sn, and 9.08 wt% Pb. Figure 4c is the magnified micrograph of the upper part of Figure 4b using SEM, displaying four types of phases in the microstructure that were further analyzed by EDS( Buddha statue that was manufactured in the 18 th century includees >1% Cu in addition to Ag without other metallic elements present (Table 7) . The porous oxidized layer that formed on both surfaces of silver plates is observed, suggesting that heat treatments at high temperature were used because such porous oxidized layers are formed when Ag is heated over 400°C (Ryu and Kim, 2011). 
SUMMARY AND CONCLUSIONS
The Buddha statues are classified into four types(① Cu-Sn, ② Cu-Sn-Pb, ③ Cu-Sn-Zn-Pb, ④ Ag). In terms of the range for analysis, a bronze Buddha statue from the Pyu period before the 9 th century to those of the Bangan and Konbaung periods (11 th to 13 th and 18 th century, respectively) were extensively analyzed. Two Buddha statues from the Pyu period fabricated from Cu-Sn alloys contain 16.25 wt% and 25.12 wt% Sn. Cu-Sn-Pb alloy, a trace of Fe is detected in the bronze Buddha statues, which most likely is present in the alloy from use of copper ore (Jeon et al., 2013) . The gilt bronze Buddha statue has an alloy of Cu-Sn-Zn-Pb with Zn intentionally included. It was gilded with very thin and uniform gold leaf <1 µm thick using a gold-plating technique with gold leaf applied on the surface, consisting of 97% pure gold without any Hg detected.
The difference between the compositions of the bronze Buddha statues and the gilt-bronze Buddha statue is related to the fabrication technique by casting.
The Buddha statues of the Konbaung period were fabricated with Cu-Sn-Pb alloys exhibiting typical microstructures(α + δ) produced from casting and with no additional heat treatment performed. The particles of lead contained ~10 wt% Bi, which was the only component detected besides the major component, lead, suggesting that Bi was present in the lead ore provided as the raw material. This was identified in some bronze Buddha statues of the Bagan period as well. The silver Buddha statue includes a trace of Cu of ~1 wt% besides silver, and nothing else. The non-metallic inclusion contains sulfur, which indicates with high possibility that the copper provided as the raw material was extracted from copper ores containing sulfur, such as copper pyrite or chalcocite.
Each defining feature of Buddha statues is summarized in the following. The Buddha statue of Pyu contained an alloy of Cu-Sn with a high percentage of Sn and without Pb. It is believed that more than 25% of Sn content in this case was for the purpose of color on the surface of the Buddha statue (Lee and Park, 2014) . The Buddha statues of the Bagan and Konbaung dynasties contain ternary alloys of Cu-Sn-Pb, with a heterogeneous distribution of lead and tin. Similar alloy ratios were identified in some of the Buddha statues of the Bagan dynasty with those of Pyu, leading us to conclude that similar manufacturing techniques were used.
